ABSTRACT. A convenient and efficient one-pot reaction has been employed for the synthesis of new α-aminophosphonates 4a-4k via Kabachnik-Fields reaction in 65-82 % yields. In the procedure developed, equimolar quantities of 2-amino-4-methylphenol 1, various aromatic aldehydes 2a-2k and dimethylphosphite 3 in dry toluene were reacted under reflux for 4-6 h. The products were characterized by IR, 1 H,
INTRODUCTION
Organophosphorus compounds have wide range of applications in the industrial, agricultural and medicinal chemistry owing to their unique physicochemical and biological properties. Their utility as reagents and potential synthons in organic synthesis is gaining increased attention [1] .
Synthesis of α-aminophosphonates, structural analogues of natural amino acids, is receiving great attention due to their applications in agriculture as plant growth regulators, herbicides [2] and virucides [3] and in medicine as anti-cancer agents [4] , enzyme inhibitors [5] , peptide mimetics [6] , antibiotics and pharmacological agents [7] . As a result, a variety of synthetic approaches [8] have been developed for the synthesis of α-aminophosphonates. Of them, Kabachnik-Fields three-component reaction, in which an aldehyde, an amine and a dialkyl phosphite are reacted in one-pot set-up, is an important one. In some reports, this reaction was carried out in straight-forward one-pot procedures without any catalysts [9, 10] . While, in most cases it was performed using catalysts, such as LiClO 4 [11, 12] , TaCl 5 -SiO 2 [13] , InCl 3 [14] , lanthanide-triflate [15] and CF 3 COOH [16] . The key step in this synthesis is the nucleophilic addition of an amine to carbonyl compound followed by addition of a dialkyl (or) diarylphosphite to the resulting imine. Formation of hydroxy phosphonates and product of rearrangement frequently accompany this reaction.
In view of greater applicability of α-aminophosphonates, an easy one-pot synthetic procedure for them by Kabachnik-Fields reaction under mild conditions without catalyst has been developed.
EXPERIMENTAL General
The chemicals procured were of commercial quality or chemically pure. All solvents were dried, deoxygenated and redistilled before use. The IR spectra (KBr pellets and Nujol mulls) were recorded on a Perkin-Elmer 283 unit. 1 H and 13 C spectra were recorded on a Bruker AMX 400 MHz spectrometer (400 MHz for 1 H and 100 MHz for 13 C) with TMS as internal standard. 31 P NMR spectra were measured using 85 % H 3 PO 4 as external reference. Elemental analyses were recorded on a Carlo Erba 1108 Elemental Analyser, Central Drug Research Institute, Lucknow, India. Mass spectra were recorded on Jeol 5 x 102 DA/600 mass-spectrometer using argon/xenon (6 keV, 10 mA) as the fast atom bombardment (FAB) gas. Melting points were determined in an open capillary tube on Mel-temp apparatus, Tempo instruments, India and were uncorrected. The following abbreviations were used while presenting the NMR data s = singlet, d = doublet, t = triplet and m = multiplet.
General procedure [5-Methyl-2-hydroxyphenyl amino)-(4-fluorophenyl)-methyl]-phosphonic acid dimethyl ester (4a).
A mixture of 2-amino-4-methylphenol 1 (0.72 g, 0.005 mol) and 4-fluorobenzaldehyde 2a (0.005 mol) was stirred in anhydrous toluene (15 mL) at room temperature for 1 h. Dimethylphosphite 3 (0.7 mL, 0.005 mol) in anhydrous toluene (15 mL) was added dropwise. Stirring was continued at room temperature for another 30 min, after which the mixture was heated under reflux for 4-6 h. The reaction was monitored by TLC on silica gel using petroleum ether and ethyl acetate (1:2 v/v). After completion of the reaction, the solvent was removed by rotaevaporator and the resulting residue was purified by column chromatography on silica gel (100-200 mesh, ethyl acetate/hexane) as eluent to afford pure α-amino-phosphonate (4a). The other compounds 4b to 4k were prepared employing a procedure similar to that described for compound 4a.
Yield [ 
[5-Methyl-2-hydroxyphenyl amino)-(4-methylphenyl)-methyl]-phosphonic acid dimethyl ester (4g)
.
5-Methyl-2-hydroxyphenylamino)-(4-methoxyphenyl)-methyl]-phosphonic acid dimethyl ester (4h)
Biological activity
Bioassay. Agar well bioassay was employed for testing antibacterial and antifungal activity of 4a-4k. Diluted inoculum 0.1 mL (10 5 CFU/mL) of bacteria was spread on nutrient agar and fungi on potato dextrose agar plates (PDA). Wells of 8 mm were punched into the agar medium and filled with the title compounds at the concentration of 25 and 50 µg in each well. The plates were incubated for 24 h at 37 °C for test bacteria and the fungi plates were incubated for 72 h at 28 °C. The antimicrobial activity was evaluated by measuring the zone of inhibition against test organisms. Chloramphenicol and Ketoconazole were used as commercial standards. Controls were maintained with dimethyl sulphoxide (DMSO) [17] .
Determination of MIC.
Minimum inhibitory concentration (MIC) was determined for the compounds that showed total growth inhibition using the protocol described below. The minimum concentration, at which there was no visually detectable bacterial growth, was taken as MIC. The compound concentration of 0.1 mg to 0.50 mg/mL in steps of 0.1 mg/mL was evaluated. Specifically 0.1 mL of standardized inoculum (1-2 x 10 7 CFU/mL) was added to each test tube. Two controls (DMSO with bacteria and antibiotics with bacteria) were maintained for each test sample. The tubes were incubated aerobically at 37 °C for 24 h. The method followed for antifungal bioassay is similar to that followed for antibacterial assay where in the medium is PDA and incubation temperature is 28 °C for 72 h [18] .
RESULTS AND DISCUSSION
The synthetic route involves reaction of equimolar quantities of 2-amino-4-methyl phenol 1, various aromatic aldehydes 2a-2k and dimethylphosphite 3 in dry toluene at reflux temperature (Scheme 1). Characteristic IR stretching frequencies are present in the region 3396-3432, 1202-1247, 745-771 and 3343-3446 cm -1 for Ar-OH, P=O, P-C (aliphatic) and N-H, respectively, in 4a-4k [19, 20] .
The aromatic hydrogens of the two benzene rings of α-aminophosphonates 4a-4k showed a complex multiplet at 6.05-8.31 ppm. The P-C-H hydrogen signal appeared as doublet of doublet at 4.72-5.52 ppm due to its coupling with phosphorus and the hydrogen of N-H. The N-H proton showed triplet in the region 4.30-5.44 ppm for the compounds 4a-4k, respectively.
The phenolic -OH group present in 1 gave signal at downfield region 9.12-9.81 ppm due to its acidic nature. Methoxy hydrogens linked to phosphorus showed two different doublets in the range one at 3.43-3.89 ppm (J = 9.56-11.56 Hz) and another at 3.52-4.59 ppm (J = 8.24-12.2 Hz) due to their magnetic non-equivalence. 13 C NMR spectra for a few representative compounds (4a, 4b, 4c, 4h, 4i,) showed carbon chemical shifts in the expected region.
31 P NMR chemical shifts appeared in the region 18.59-36.01 ppm for all the compounds 4a-4k [20] . In Kabachnik-Fields reaction, the amine and hydrophosphoryl compound form a complex in which one of the partners reacts with the carbonyl compound at reflux in toluene also favors the formation of α-aminophosphonate. Another important feature of this reaction is the robustness of functional groups, such as fluoro, chloro and hydroxyl groups under reaction conditions. It is worth mentioning that synthesized α-aminophosphonates are novel and inaccessible to preparation by other methods.
FAB mass spectra of 4a, 4b and 4h showed M +• ions and respective characteristic daughter ions. Agar well method was employed for screening antibacterial and antifungal activities. 4a showed broad spectrum activity with highest zone of inhibition (Table 1) and was found to inhibit the growth of isolated bacteria and fungi with lowest MIC value ( Table 2 ). The previous results are also correlated with present investigation [21, 22] . 
CONCLUSIONS
In our endeavour, a simple procedure for the synthesis of new α-aminophosphonates 4a-4k in high yields by Kabachnik-Fields reaction without using any catalyst is described. All the synthesized compounds showed moderate antibacterial activity against both gram negative and gram positive bacteria.
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